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U S E  O F  E L E C T R O N I C  COMPUTERS FOR D E T E R M I N A T I O N  
O F  T H E  A E R O D Y N A M I C  C H A R A C T E R I S T I C S  O F  A I R C R A F T  

Professor  0. M. B e l o t s e r k o v s k i y  

ABSTRACT. 
and a numer ica l  a l g o r i t h m  fo r  i t s  s o l u t i o n  by e l e c t r o n i c  
computer can be developed, cons iderab ly  more and cons iderab iy  
l e s s  expensive i n f o r m a t i o n  can be produced than by experimen- 
t a l  methods. The f l o w  about a b l u n t  aerodynamic form w i t h  a 
break i n  the  g e n e r a t r i x  i s  analyzed as an example o f  t h i s .  
Cones a r e  analyzed w i t h  var ious h a l f  a p e r t u r e  angles (5, 0 and 
10') and w i t h  an oncoming stream moving a t  Mach 4. 
i n t e n s i t y  o f  the  "hanging" compression d i s c o n t i n u i t y  f i r s t  
increases s h a r p l y ,  then g r a d u a l l y  decreases w i t h  i n c r e a s i n g  
d i s t a n c e  f rom t h e  b l u n t  nose. 

I f  a problem i s  fo rmula ted  c o r r e c t l y  mathemat ica l l y  

The 

I n v e s t i g a t i o n s  o f  cosmic space,  p a r t i c u l a r l y  manned space f l i g h t s ,  a r e  - /I1 
o f  g r e a t  i n t e r e s t  from t h e  po in t  of view of  t h e  development of  su r face  
aerodynamics. 

The widespread cosmic inves t iga t ions  which have been performed have 
s e t  an e n t i r e  range of completely new problems before  engineers  and aero-  
dynamic s c i e n t i s t s ,  which has  requi red  t h e  development of methods and 
approaches f o r  t h e i r  s o l u t i o n  which are  new i n  p r i n c i p l e .  
o f  new problems w e  can inc lude  i n v e s t i g a t i o n s  i n  t h e  t r a n s s o n i c  and 
hypersonic  range,  v i scous  f l u i d  flow, e t c .  We should note  t h a t  wi th  t h e s e  
problems w e  must keep i n  mind t h e  var ious  phys ica l  and chemical t ransform- 
a t i o n s  of  t h e  gas  and analyze t h e  most v a r i e d  forms of a i r c r a f t .  In 
p a r t i c u l a r ,  f u t u r e  passenger  f l i g h t s  w i l l  o f  course  r e q u i r e  t h e  development 
of economical landing s t a g e s  with aerodynamic braking.  Blunt aerodynamic 
forms w i l l  be widely used. This  p laces  t h e  problem of de te rmina t ion  of  t h e  
optimal aerodynamic forms, hea t  regimes and va r ious  flow c h a r a c t e r i s t i c s  
necessary  f o r  engineer ing  a p p l i c a t i o n  before  today ' s  i n v e s t i g a t o r s .  

Among t h i s  group 

The p a s t  f i f t e e n  years  has been a s t a g e  of  i n t e n s i v e  development of  
va r ious  s c i e n t i f i c  and engineer ing methods of i n v e s t i g a t i o n ,  i n  which a 
d e c i s i v e  r o l e  i n  t h e o r e t i c a l  developments has  been played by t h e  broad 
a p p l i c a t i o n  of e l e c t r o n i c  computers t o  app l i ed  i n v e s t i g a t i o n s .  This  has  
allowed t h e  performance of r a t h e r  complete s t u d i e s  of complex, non l inea r  
gas dyxaiiiics p'o3:ms. 

Numbers i n  t h e  marg in i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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If a problem is  c o r r e c t l y  formulated mathematically and i f  a numerical  / 2  - 
algori thm f o r  i t s  s o l u t i o n  by e l e c t r o n i c  computer can be developed, t h e  
r e s u l t  of t h e  c a l c u l a t i o n  i s  the  product ion of  cons iderably  more and 
cons iderably  l e s s  expense information than can be produced exper imenta l ly  ( I  
do not  in tend  t o  depreca te  t h e  va lue  of experiment,  which always remains 
the  b a s i s  of phys i ca l  i n v e s t i g a t i o n ) .  In t u r n ,  t h e  r e s u l t s  of many ca lcu-  
l a t i o n s ,  a n a l y t i c a l  i n v e s t i g a t i o n s  and experiments allow us  t o  r e f i n e  t h e  
information produced i n t o  d e f i n i t e  r e g u l a r i t i e s  and theorems. 
m e  a t  t h i s  time t o  expound some new r e s u l t s  produced by numerical  s o l u t i o n  
of c e r t a i n  aerodynamics problems which were repor ted  a t  t h e  r ecen t  Conference 
on t h e  Mechanics of  F lu ids  and Gasses in  Poland [ l] .  

Please a l low 

As we know, r e c e n t l y  g r e a t  p r a c t i c a l  i n t e r e s t  has been shown i n  t h e  
s tudy of t h e  c h a r a c t e r i s t i c s  of supersonic  flow about b lun t  bodies  wi th  a 
break i n  t h e  g e n e r a t r i x .  The s tudy of  such phenomena i s  e s s e n t i a l l y  
complicated f i r s t  of  a l l  by the  presence o f  an a rea  o f  mixed flow be fo re  t h e  
nose p o r t i o n  o f  t h e  body, as wel l  a s  the  presence of  s i n g u l a r i t i e s  a t  t he  
po in t  of t h e  break i n  t h e  formation of  secondary shock waves. Numerical 
methods have been used t o  so lve  t h i s  important problem completely and t o  
produce widely va r i ed  flow c h a r a c t e r i s t i c s .  

As an example, l e t  u s  analyze t h e  flow about b lun t  aerodynamic forms 
with a break i n  t h e  gene ra t r ix .  

F igures  1 and 2 show t h e  shock waves and "hanging" d i s c o n t i n u i t i e s  i n  
compression (dot ted  l i n e s )  which a r i s e  i n  t h e  supersonic  zone wi th  flow 
about cones wi th  s p h e r i c a l  b lun t  t i p s  and a son ic  break ( X  = 3 0 " ;  a d i a b a t i c  
index x = 1 . 4 ) .  
(w = 5" , 0",  10") and Mach number of  the  oncoming stream M, = 4.  

/ 3  - Cones a re  analyzed with va r ious  h a l f  a p e r t u r e  angles  

The i n t e n s i t y  of t h e  "hanging" compression d i s c o n t i n u i t y  f i rs t  
inc reases  sha rp ly ,  then ,  with increas ing  d i s t a n c e  from t h e  b l u n t  nose,  
g radua l ly  dec reases .  
t h e  stream upon passage through t h e  "hanging" d i s c o n t i n u i t y  reaches  s e v e r a l  
degrees ,  whi le  a t  a d i s t a n c e  of 30-40" t h e  b lun t ing  o f  t h i s  angle  was only a 
few seconds.  The p o s i t i o n  of t h e  "hanging" compression d i s c o n t i n u i t i e s  was 
determined numerical ly  f o r  t h e  f i r s t  time [ 2 ] .  I t  is  i n t e r e s t i n g  t o  no te  
t h a t  i n  t h e  cases  analyzed, where the re  was a "hanging" compression 
d i s c o n t i n u i t y ,  t h e  form and p o s i t i o n  of t h e  head shock waves ( i n  t h e  area 
preceding t h e i r  i n t e r s e c t i o n  wi th  t h e  "hanging" d i s c o n t i n u i t y )  correspond 
(with i d e n t i c a l  Mach numbers of t h e  oncoming stream) f o r  va r ious  h a l f  
a p e r t u r e  angles  of t h e  cone a t  l eas t  wi th in  t h e  range of  change 
-10" < w < 10". 
expla ined  by overexpansion of  t h e  stream as t h e  flow r o t a t e s  about t h e  
anguiar  p o i n t  and subsequent compression and r e t a r d i n g  of tile streaiii oii t h e  
l a t e r a l  s u r f a c e  of  t h e  body. 

In t h e  cases  i n  ques t ion ,  t h e  maximum r o t a t i o n  ang le  of 

The appearance of t h e  "hanging" compression d i s c o n t i n u i t y  i s  

Figures  3 and 4 show t h e  change i n  t h e  boundaries  of  t h e  r o t a t i o n  zone 
of t h e  s t ream wi th  var ious  a d i a b a t i c  ind ices  x and var ious  h a l f  a p e r t u r e  
ang le s  o f  t h e  s p h e r i c a l  segment x. Here a l s o  we see t h e  c h a r a c t e r i s t i c s  
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l i m i t i n g  t h e  area of  t he  inf luence  of  b lunt ing  and o f  t h e  break.  
Figure 4 where M, = 4 ( s o l i d  l i n e )  and M, = 6 (dot ted  l i n e )  we show t h e  

On 

d i s t r i b u t i o n  of  p re s su res  along t h e  la teral  su r face  of  t h e  c y l i n d e r  with 
s p h e r i c a l  b lun t ing  and va r ious  h a l f  ape r tu re  angles  of t h e  segment ( t h e  
f irst  two cases  are f o r  son ic  break, the  t h i r d  case f o r  a supersonic  break) .  
Figure 6 i l l u s t r a t e s  t h e  change of t h e  depa r tu re  va lue  o f  t h e  shock wave 

break on t h e  sphere ,  while  Figure 7 shows t h e  dependence of t h e  wave drag  
coefc: IILIGllt -: e.. C 

from t h e  bodye  0 along t h e  a x i s  of symmetry with var ious  p o s i t i o n s  of t he  - / 4  

of t h e  sphe r i ca l  segments on the  iviach number. 
X 

z 

P 

'I 

F i g u r e  2 

A d e t a i l e d  experimental  i n v e s t i g a t i o n  o f  flow beyond t h e  depar ted  shock 
wave was conducted by G.  M .  Ryabinkov. In  [ 2 ] ,  a d e t a i l e d  d e s c r i p t i o n  of 
t h e  experimental  techniques and methodology i s  presented ,  as well as t h e  
r e s u l t s  o f  t h e  i n v e s t i g a t i o n  i n  t h e  form of t a b l e s  and graphs.  Figure 8 
shows a comparison of t h e  experimental  d a t a  of G .  M .  Ryabinkov, 
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I . -  

V. G .  Maslennikov ( f o r  E ) and t h e  resul ts  of c a l c u l a t i o n  by t h e  i n t e g r a l  

r e l a t i o n s  method f o r  a sphere and r o t a t i o n  e l l i p s o i d s .  
inc lude  t h e  d i s t r i b u t i o n  of  p re s su re  along t h e  body, as well as t h e  form and 
p o s i t i o n  of t h e  head shock waves. 
r e t i c a l  and experimental  d a t a  i s  q u i t e  good i n  a l l  cases .  

0 
The r e s u l t s  presented  

We see  t h a t  t h e  correspondence of theo-  
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F i g u r e  5 F igure  6 F igu re  7 

A t  t h e  p re sen t  time, broad t h e o r e t i c a l  i n v e s t i g a t i o n  o f  t h e  s p a t i a l  and 
v i scous  problems of gas dynamics i s  going on; flows wi th  d i s s o c i a t i o n ,  
r a d i a t i o n ,  abs .orpt ion,  e t c .  a r e  being s tudied  [ 2 ] .  

Only t h e  interweaving and development of va r ious  types  and methods of 
i n v e s t i g a t i o n s  w i l l  a l low us t o  produce the  necessary  information concerning 
t h e  essence  of  t h e  phenomena and t o  solve t h e  g r e a t  problems involved i n  
manned space  f l i g h t s .  
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